and postvasectomy practices. There was significant heterogeneity in self-reported PVSA practice patterns. Self-reportedly, FMPs were more likely to send a PVSA earlier than urologists, send multiple PVSAs, and answer discordantly from guideline recommendations in clinical scenario questions. 5 The goal of this study was to objectively evaluate PVSA practice patterns in urologists and FMPs, before and after the implementation of the 2012 AUA vasectomy guidelines.
INTRODUCTION
Urologists perform the majority of vasectomies in the United States; however, in some regions of the country, up to 35% are performed by family medicine physicians (FMPs) or general surgeons. 1 In 2012, the American Urological Association (AUA) released guidelines to aid clinicians in implementing evidence-based practices in vasectomy care, including a post-vasectomy semen analysis (PVSA) protocol. PVSA is an important tool in confirming the effectiveness of a vasectomy and counseling patients as to the reliability of their procedure as a contraceptive method. The goals of the protocol recommended by the AUA were to simplify postvasectomy practices, increase patient compliance, and optimize the timing so as to confirm occlusive effectiveness at the soonest possible time while minimizing the number of PVSAs needed. 2 Studies of both civilian and military urologic practices have shown that the AUA guidelines have been successful in improving compliance, avoiding unnecessary PVSAs, and reducing repeat vasectomies. 3, 4 Although these guidelines are available to all physicians, their implementation in nonurologic practices has not been studied.
We previously reported the results of a single-institutional survey of urologists and nonurologists (FMPs) on their vasectomy Positive PVSA was defined as the presence of motile sperm on a fresh, uncentrifuged semen sample. In accordance with the AUA guidelines, 2 a negative PVSA, which allows for patients to stop using other methods of contraception, was defined as azoospermia or only rare nonmotile sperm (RNMS or ≤100 000 nonmotile sperm per ml) on a well-mixed and uncentrifuged sample within 2 h of collection. Data were stratified by the specialty of performing practitioner, either urologist or FMP. Procedures were also separated into those occurring before the release of the 2012 AUA guidelines and those occurring after.
Comparisons in PVSA practice patterns were made between the two specialties. Change in practice patterns before and after 2012 was also evaluated. Descriptive statistics looked at both means and medians to not allow outliers to confound the results. Statistical analysis was conducted using Mann-Whitney U and Chi-squared tests for continuous and categorical variables, respectively. At our institution, there are no departmental protocols in place for PVSA testing for either urologists or FMPs. Table 1 .
RESULTS

Review
The majority of vasectomies performed by urologists were done by three physicians with a range of 674-717 total procedures performed over the course of the 7 years studied. In contrast, the three most experienced FMPs performed between 101 and 158 procedures over the study period. Thirty-two patients had a vasectomy performed by a FMP who performed only a single vasectomy over the study period.
A total of 1776 vasectomies were performed from 2010 to 2012, with urologists accounting for a greater percentage of vasectomies compared to FMPs (59.8% vs 40.2%, respectively). From 2013 to 2016, 2318 vasectomies were performed. The proportion performed by urologists further increased compared to FMPs (68.9% vs 31.1%, respectively).
We hypothesized that there may be differences in PVSA follow-up rates if done by FMP who is likely the primary care doctor for the patient. We found that PVSA follow-up rates were similar between the two groups, 1686 (63.4%) of urologists and 931 (64.9%) of FMPs obtained at least one PVSA, P = 0.18 (Table 1) . Interestingly, after 2012, urologists' follow-up rate decreased from 67.0% to 61.0%, P < 0.01. FMPs, on the other hand, had a significant rise in follow-up rates from 62.2% to 67.5%, P = 0.04 ( Table 2) .
Of the patients who obtained at least one PVSA, the median number of PVSAs obtained between 2010 and 2016 was 1 (IQR 1-2) for urologists and 1 (IQR 1-2) for FMPs (P = 0.22) ( Table 1) . Before 2012, urologists obtained a median of 2 (IQR 1-2) PVSAs, whereas after 2012, they obtained 1 (IQR 1-2), P < 0.01. The mean (±standard deviation) number of PVSAs showed a significant decline from 1.84 ± 0.72 to 1.31 ± 0.52, P < 0.01. FMPs' median number of PVSA was 1 (IQR 1-2) both before and after 2012, P < 0.01. There was a slight decrease in the average (±standard deviation) number of PVSAs performed by FMPs before and after 2012 from 1.59 ± 0.76 to 1.47 ± 0.69, P < 0.01 (Table 2) .
Overall, there was also no difference in practitioners obtaining multiple PVSAs, with 43.1% urologists and 42.7% FMPs obtaining more than one PVSA, P = 0.10 ( Table 1) . However, following the release of the guidelines, fewer urologists obtained multiple PVSAs (69.8% vs 28.9%, P < 0.01). This practice pattern change was seen in all three of the urologists performing the majority of institutional vasectomies (Table 3) . FMPs, however, had less of a change in their use of multiple PVSAs (47.5% vs 38.4% pre-and post-2012, P < 0.01) ( Table 2) . When comparing the use of multiple PVSAs after the release of the guidelines, FMPs continued to obtain multiple PVSAs at a significantly higher frequency than urologists (38.4 vs 28.9, P < 0.01). The greatest disparity between urologists and FMPs obtaining a second PVSA was seen in the setting of a first PVSA showing azoospermia ( Table 4) .
There was a significant difference in time to the first PVSA. The median time to the first PVSA was 14 weeks (IQR 12.6-18.0) for urologists and 12.6 weeks (IQR 8.7-16.7) for FMPs, P < 0.01 ( Table 1) . Urologists decreased their time to first PVSA after introduction of the guidelines. The median for urologists before 2012 was 14.7 weeks (IQR 13.0-19.0) and 13.8 weeks (IQR 11.7-17.7) after 2012, P < 0.01. Conversely, FMPs had an increase in time to the first PVSA from 11.4 weeks (IQR 8.0-16.7) to 13 weeks (9.0-16.7), P = 0.02. Following the release of the 2012 guidelines, urologists had an increase in PVSAs obtained before 8 weeks (3.4% vs 6.5%, P<0.01). FMPs obtained fewer PVSAs before 8 weeks after 2012 (24.8% vs 15.0%, P < 0.01) ( Table 2) . Although FMPs changed their practice patterns appropriately, the rate of early PVSAs obtained by FMPs was still significantly higher than that obtained by urologists (15.0% vs 6.5%, P < 0.01).
FMPs had a higher rate of positive results, defined as motile sperm at time of the first PVSA, with 5.3% of initial PVSAs being positive for FMPs and 1.8% for urologists, P < 0.01. Interestingly, when stratified based on the timing of obtaining PVSA, there was no difference in positive results before 8 weeks, with 11 (12.6%) urologists and 18 (10.2%) FMPs finding motile sperm on the PVSA, P = 0.54. The implementation and use of these guidelines by nonurologists (FMPs) has not previously been studied. Furthermore, the dissemination and effects of professional society specific guidelines released by the AUA to nonurologists were of interest to us. We found that there were significant differences in practice patterns and adherence to the 2012 AUA guidelines between urologists and FMPs.
Despite the importance of a PVSA in determining vasectomy success, a significant proportion of patients fail to obtain a PVSA. In a recent multi-institutional study, it was found that 47.9% of men did not submit a semen sample despite numerous reminders. 8 Our data demonstrate a similarly low follow-up rate of approximately 60%, which was comparable in both the FMP and urology cohort. This is similar to other studies which have cited rates of 48%-66%. 3, 6, 8, 9 Factors including younger age, larger number of children, and lower education level predict decreased compliance with PVSA. 8, 10 It is important that both urologists and FMPs continue working on better pre-and post-vasectomy counseling to increase compliance rates.
The optimal timing of PVSA has historically been a topic of debate. Sharlip et al. 2 conducted a literature review of 11 studies at 8 weeks postvasectomy and found that six reported an azoospermia rate of 80% or higher; thus, the AUA guidelines recommend 8-16 weeks as the appropriate time range for obtaining a PVSA. 2 We found that median time to PVSA, before and after 2012, for both urologists and FMPs was in this range. After the release of guidelines, both urologists and FMPs remained within the recommended time interval for obtaining a PVSA. A previous survey of our institutional practice patterns found that most FMPs self-reported performing the first PVSA between 8 and 9 weeks, and 22% reported obtaining a PVSA earlier, at 4-7 weeks after vasectomy. An overwhelming majority of urologists reported obtaining the first PVSA at 10-12 weeks. 5 It is notable that, after the release of the guidelines, the percentage of PVSAs obtained by FMPs before 8 weeks decreased from 24.8% to 15.0%, possibly suggesting the implementation of the recommendations. Even so, nonurologists' percentage of early PVSAs, before 8 weeks, was still much higher than that of urologists. Although we noted a trend toward waiting the appropriate time to obtain PVSA testing, many FMPs continue to obtain PVSAs early, increasing the likelihood of a false-positive result and need for repeat testing. This may unnecessarily increase global vasectomy cost and patient anxiety.
A significant amendment of the 2012 AUA guidelines considered rare nonmotile sperm (RNMS) an occlusive success. This decision was based on studies showing that the risk of pregnancy was similar when comparing azoospermia and RNMS. 2 This amendment resulted in higher rates of occlusive success at the first PVSA, from 69% to 94% in a study of 1623 active service members. The same study showed that foregoing a second PVSA in men with RNMS resulted in significant cost saving by reducing unneeded testing and unnecessary repeat vasectomies. 4 Furthermore, compliance with testing decreases with subsequent PVSAs. 3 We found that, following the release of the guidelines, urologists decreased their use of multiple PVSAs by over 40%. Conversely, FMPs only decreased multiple PVSA testing by 9 .1%, suggesting a lack of implementation or adherence to the AUA guidelines, which may speak to the reach of specialty-specific guidelines. Given that FMPs are more likely to obtain PVSA <8 weeks after vasectomy, this may lead to false-positive results and further PVSA testing. FMPs may also be incorrectly interpreting PVSAs. A study by Shapiro et al. 5 recently found that, when surveyed, 87% of FMPs would repeat a PVSA on a patient with RNMS despite guidelines recommending against it. However, in our cohort, the practice pattern differences in the use of multiple PVSAs following the release of the AUA guidelines were driven primarily by second PVSAs obtained after finding azoospermia.
A surprising finding of our study was that FMPs had higher rates of positive results. We hypothesized that this may be related to earlier testing because a shorter time period before the first PVSA has been shown to result in decreased rates of azoospermia or RNMS. 2 In order to clarify this, we stratified PVSAs based on whether they were obtained within the time range recommended by the AUA. Unsurprisingly, PVSAs obtained before 8 weeks had higher rates of positive results, with similar rates of motile sperm for both urologists and FMPs. We can assume that most of these patients had not achieved sperm clearance at the time of the PVSA. The PVSA timing recommendation made by the AUA guidelines is based on studies which have shown that, although RNMS rates continue to decrease and azoospermia rates increase after 8 weeks, the frequency of motile sperm does not change, indicating that these likely represent vasectomy failure. 11 Interestingly, when comparing only PVSAs obtained after 8 weeks, we found that FMPs continued to have significantly higher rates of motile sperm than urologists (4.1% vs 1.3%). The reason for the higher rate of vasectomy failure is unknown but may be related to experience level or technique. Survey results at our institution previously showed that FMPs had higher variation in vasectomy technique. 5 We did not have data on technique used in our study, and the literature does not overwhelmingly favor a specific technique, 12 but it is conceivable that variation in operative practice may have contributed to increased failure rate. Our study is also limited as we did not have pregnancy rates which would be a determinant of true vasectomy failure.
At our institution, urologists had substantially more experience, with the top urologists performing over four times as many vasectomies as the high-volume FMPs. Urologists are more familiar with the anatomy and have the ability to perform scrotal explorations in the event of a complication. Nevertheless, there is evidence that vasectomy failure rates are similar between urologists and nonurologists. 13 In some areas where urology access is limited, FMPs may be more likely to perform vasectomies; thus, it is important that FMPs continue to perform vasectomies while basing their practice patterns on evidence-based recommendations. Based on the results of the present study, further exposure to AUA guidelines may reduce the practice heterogeneity between FMPs and urologists.
The primary limitation of our study was that, given its retrospective nature, we had no ability to control for patient compliance or adherence to physician recommendations. Nevertheless, we believe that there would be minimal variation in this factor between patients seen by urologists or FMPs. A second limitation is lack of pregnancy data following vasectomy, which would allow us to observe the impact of PVSA practice patterns on contraceptive efficacy. Finally, we did not have information regarding individual physician exposure to the guideline statements; thus, we do not know if physicians are poorly compliant and simply unaware of guideline statements or if there is a third factor such as modification of insurance company policies that is driving the change in practice patterns.
CONCLUSION
Significant postvasectomy practice pattern differences exist between urologists and FMPs, and these differences persisted after the release of the AUA vasectomy guidelines of 2012. Specifically, FMPs obtained multiple PVSAs more frequently and continued to obtain PVSAs prior to the 8-week recommendation. It is important that both urologists and nonurologists continue to work on integrating optimal evidencebased care into their postvasectomy patient recommendations in order to decrease unnecessary testing, repeat procedures, and global vasectomy cost.
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